An experiment was conducted to examine the effect of feeding high-methylated (HM) and low-methylated (LM) pectin on performance and physiological characteristics in broiler chicks. Two levels each (1.5 and 3%) of HM citrus pectin (HMC), LM citrus pectin (LMC), or HM sugar beet pectin (HMS) were added to a semi-purified basal diet. The experiment was conducted in battery brooders, and chicks received the diets as pellets from 6 to 27 d of age.
INTRODUCTION
Pectins are important constituents of the primary cell walls and intercellular regions of higher plant tissues (e.g., soybean oilmeal, rapeseed meal, and sunflower meal) and are extremely variable in chemical structure. This variation in structure of pectins affects the physicalchemical properties, which might affect nutritionalphysiological activities. Pectin (or polygalacturonide) is a collective term for polysaccharides that are characterized by a linear backbone of 1->4 linked a-Dgalacturonic acid units. These units are interrupted by Lrhamnose-rich regions, which mainly contain Larabinose, D-galactose, and L-xylose as side chains. The carboxyl groups of D-galacturonic acid are methylated to a different extent, and they may be acetylated. The main property of pectin is its ability to form a gel. Furthermore, pectins have a high water-binding capacity (Armstrong et al., 1993) and can be easily fermented by the intestinal microflora (McBurney et al, 1985) .
In the human food and pharmaceutical industry, much research is done with pectins regarding the dose-dependent. In vitro viscosity was increased significantly by incorporating HMC or LMC into the diet, whereas HMS had no effect on this parameter. Waterholding capacity of the diets and the excreta were increased significantly by including one (P < 0.05) of the three pectin products in the diet. The concentration of some of volatile fatty acids (VFA) in the cecal chyme was markedly decreased (P < 0.05) by feeding HMC, whereas LMC had no effect (P > 0.05) on the concentration of VFA. In contrast, inclusion of HMS in the diet significantly increased the concentration of VFA in the cecal content (P < 0.05) dose-dependently. Based on the results of the present study, it can be concluded that the effect of dietary pectin on chick performance is dependent on the degree of carboxyl groups that is esterified, the origin of the pectin product, and the amount added to the diet.
1996 Poultry Science 75:1236-1242 influence of the structure on gel formation. The degree of esterification, a measure of the percentage of carboxyl groups esterified with methanol, plays a major role in the gel-forming capacity and gel strength (Pilnik and Voragen, 1970; BeMiller, 1986; May, 1990) . Pectins in which the percentage of esterified carboxyl groups is higher than 50% are high-methylated (HM), whereas a percentage of esterification lower than 50% defines the low-methylated (LM) pectins. An HM pectin easily forms a gel with sugar and acid. An LM pectin forms a gel in the presence of cations such as calcium, regardless of the pH. When a pectin is acetylated, gel formation will be hampered or even blocked.
The degree of esterification of pectins can affect the performance of rats (Judd and Truswell, 1982) . The HM pectin in the diet has stronger depressing effects on performance and plasma cholesterol levels than LM pectin; however, Drochner et al. (1990) suggested that the effect of pectins on layer hen performance is independent of the degree of esterification of pectin. Literature studies regarding the effect of pectins on broiler chicks have been based on HM citric pectin only (Vohra and Kratzer, 1964; Wagner and Thomas, 1977; Patel et al, 1980 Patel et al, , 1981 Bishawi and McGinnis, 1984) . These studies showed a clear depressing effect on (Key words: pectin, chick, water intake, viscosity, volatile fatty acids) growth and feed utilization after addition of 3 to 4% HM citrus pectin (HMC) to the diet (Vohra and Kratzer, 1964; Wagner and Thomas, 1977; Patel et ah, 1980 Patel et ah, , 1981 Bishawi and McGinnis, 1984) . These negative effects on broiler performance could be partly explained by reduced feed intake (Vohra and Kratzer, 1964; Patel et ah, 1981; Bishawi and McGinnis, 1984) . Furthermore, it was reported that sticky droppings occurred (Wagner and Thomas, 1977; Patel et ah, 1980) . Bishawi and McGinnis (1984) also showed an increase in fecal viscosity, a lower percentage of carcass fat, and a lower liver weight at an inclusion level of 4% HMC in the diet. The latter could not be confirmed by Patel et al. (1981) . Wagner and Thomas (1978) reported an increase in volatile fatty acid (VFA) production in the cecal content after addition of 4.5% HMC to the diet, indicating an increase in fermentation of the microflora. Knowledge on whether the degree of esterification has an influence on broiler performance is not available. A better understanding of the effects that the different pectins have on poultry production is needed in view of the trend to use a wide variety of by-products in the poultry industry. The purpose of the current research was to study the effects of two different dietary levels of HM and LM pectin on performance, water intake, and some characteristics in the chyme in broiler chicks in relation to the origin of the pectin product.
MATERIALS AND METHODS

Experimental Design
A semi-purified basal diet was used to insure that it was pectin-free (Table 1 ). The diet was calculated to be adequate in all nutrients according to the National Research Council (1994) . There were seven treatment groups. The control diet contained 5% wood cellulose. The experimental diets were supplemented with 1.5 and 3% of HM citrus pectin* (HMC), LM citrus pectin2 (LMC), or HM sugar beet pectin3 (HMS), respectively. The pectin products, supplied as anhydrous polysaccharides, were substituted by weight for wood cellulose. The diets were consumed ad libitum as pellets. Water was also available for ad libitum consumption.
One-day-old female Ross broiler chicks were used. The birds were housed in three tiered, electrically heated battery cages with a floor space of 0.975 m 2 and wire floors. The cages were situated in an insulated room with facilities to control temperature and humidity. Chicks were subjected to continuous artificial fluorescent illumination. A standard practical diet was fed for the first 6 d. Calculated from the data provided by the Dutch Livestock Committee.
At 6 d of age, 15 birds were allotted to each of 42 cages such that the average body weight (126 g) and weight range (110 to 150 g) were similar. Each treatment group was randomly allotted to six cages each. The experimental diets were fed for a period of 21 d (from 6 to 27 d of age).
At the end of the trial, chicks were weighed individually, and feed consumption of each cage was recorded. During the last 12 d of the experimental period, water consumption was measured for each cage over a 12-h period. Water intake was measured as the difference in the volume of water in the pans at the beginning and end of the treatment period, without correction for evaporative water loss. In order to determine the water: feed ratio, feed intake was also recorded during the water intake measurements. During the last day of the experimental period, excreta from four cages per treatment group were collected quantitatively from plastic trays into containers at intervals of 4 h, and stored at -18 C. Immediately after the collection period the excreta were homogenized (without the addition of water), sampled, and freeze-dried for the determination of water-holding capacity (WHC).
Feed and water were withheld for 0.5 h after the termination of the trial, and 112 birds were then killed by TABLE 2. The effect of the inclusion into the diet of two levels of high-methylated citrus pectin (HMO, low-methylated citrus pectin (LMC), and high-methylated sugar beet pectin (HMS) on the performance of chicks from 6 to 27 d of age injection of T 61. 4 Sixteen representative birds per treatment were selected. Body weight, weight of the small intestine, cecal weight including its contents, and liver weight without gall bladder were measured individually. A pooled sample of digesta from the ceca of four chicks per cage was taken for VFA analysis.
Chemical Analysis
Concentration of VFA in cecal content was determined according to the gas-liquid chromatographic method (GLC) 5 of Schutte et al. (1991) . A known portion (about 5 g) of the cecal content was immediately acidified after collection with 500 /xL phosphoric acid (850 mL/L), and 3 mL of an aqueous solution of isocapronic acid (4.0193 g/L) was added as an internal standard. Distilled water was added to the mixture to obtain a final volume of 10 mL. A l-/xL sample of the final solution was injected into the GLC.
Three samples of the experimental diets, and fresh samples of the excreta were freeze-dried for measuring the WHC according to the method of Armstrong et al. (1993) . One gram of the freeze-dried samples was hydrated overnight in a solution of sodium-azide (825 mL) and then placed into dialysis tubes. 6 The dialysis tubes were placed in a 100/150 mL conical flask containing 50 mL polyethylene glycol solution (PEG) 7 to measure the WHC.
The viscous properties of the experimental diets were determined with a Brookfield digital viscometer,^ according to the method of Bedford and Classen (1993) . In vitro viscosity of three samples was determined by using the following assay conditions: digestion for 45 min with pepsin (2,000 U/mL)/0.1 N HC1, followed by digestion for 120 min in 2 mg/mL pancreatin in 1 M NaHCC>3. 
Statistical Analysis
The data were subjected to analysis of variance using the SPSS/PC + V5.0 computer program of Norusis (1992) . The treatment factors were type of diet and battery tier using the following model:
where y = the response measurements; G = treatment group, and T = tier of the battery. Treatment means were tested for difference by use of the Least Significant Difference test (Snedecor and Cochran, 1980) . All statements of significance are based on a probability of less than 0.05.
RESULTS
The addition of 1.5 and 3% HMC to the diet decreased weight gain and feed utilization ( Table 2) . The HMC at 3% compared to 1.5% further depressed growth and efficiency of feed utilization by approximately 30%. In addition, daily feed intake decreased after the addition of 3% HMC to the diet. Moreover, HMC increased water intake and water:feed ratio. The effect of HMC on the water:feed ratio was dose-dependent, as it was increased by 15 and 30%, respectively, by the inclusion of 1.5 and 3% HMC into the basal diet. Using LMC in the diet did not affect weight gain, feed conversion efficiency, or feed intake. Water intake and the watenfeed ratio were also not affected at an inclusion level of 1.5% LMC in the diet. However, at an inclusion level of 3% LMC in the diet, water intake and watenfeed ratio were 10% higher than in the control group. Inclusion of 1.5% HMS in the diet significantly depressed weight gain. Growth was also depressed after the addition of 3% HMS to the diet. The decrease in efficiency of feed utilization when 3% HMS was added to the diet was 2.1% (P < 0.05). Water intake and water: feed ratio were not affected after an addition of 1.5% HMS to the diet; however, inclusion of 3% HMS in the diet increased water intake and watenfeed ratio by approximately 6% (P < 0.05). Mortality rate was very a_e Mean values within a column with no common superscript differ significantly (P S 0.05).
The effect of the inclusion into the diet of two levels of high-methylated citrus pectin (HMC), low-methylated citrus pectin (LMC), and high-methylated sugar beet pectin (HMS) on its viscosity and water-holding capacity (WHC) and the WHC of excreta
low (1.1%), with no appreciable differences in mortality being observed among the treatment groups.
The inclusion of HMC and LMC, but not HMS, in the diet increased the in vitro viscosity of the diets (Table 3) . When included in the diets, HMC, LMC, or HMS significantly increased (on average 42%) the WHC of the diets. Similarly, the WHC of the excreta was increased when all three pectin products were added to the diets, with the exception of the 1.5% HMS treatment group. The effect of LMC on WHC of the excreta at a dietary level of 3% was significantly higher than that of HMC or HMS.
Data regarding liver, small intestine, and cecal weights are shown in Table 4 . Inclusion of HMC, LMC, or HMS in the diet tended to reduce relative liver weight. The relative weight of the small intestine was only affected by inclusion HMC in the diet. The addition of 1.5 and 3% HMC to the diet increased intestinal weight by 8.9 and 21.1%, respectively. Cecal weight was not affected by addition of LMC to the diet, or low levels (1.5%) of HMC or HMS; however, cecal weights for chicks fed the diets that contained 3% HMC or HMS were 40 and 25% larger, respectively, than for chicks fed the control diet.
The concentration of total VFA in the cecal contents tended to decrease at an inclusion level of 3% HMC in the diet (Table 5 ). This reduction was significant for propionic acid, butyric acid, and valeric acid. The LMC had no influence on the concentration of total VFA or individual fatty acids. Birds fed HMS, in contrast to the other groups, had increased VFA concentrations in the ceca. The increase in VFA concentration for the 3% HMS group compared to the control group was significant. This effect on VFA was mainly caused by an increase in concentration of acetic acid and butyric acid.
DISCUSSION
The present study indicated that the effect of dietary pectin on the performance of broiler chicks are strongly influenced by the degree of esterification or the origin of the pectin product, and the amounts that are added to the diet. Addition of HMC to the diet strongly depressed performance and increased water consump- effect of the inclusion into the diet of two levels of high-methylated citrus pectin (HMC) , low-methylated citrus pectin (LMC), and high-methylated sugar beet pectin (HMS) on the concentration of volatile fatty acids (VFA) in the cereal contents of chicks =-=Mean values within a row with no common superscript differ significantly (P < 0.05).
tion. These results are in agreement with the findings of other investigators (Vohra and Kratzer, 1964; Wagner and Thomas, 1977; Patel et ah, 1980 Patel et ah, , 1981 Bishawi and McGinnis, 1984) . Several investigators suggested that the viscous property of pectin is the major factor responsible for its anti-nutritive effect (Patel et al, 1980; Bishawi and McGinnis, 1984) . The viscous properties of /3-glucans in barley (White et ah, 1981; Campbell et al, 1989) and arabinoxylans (pentosans) in rye (Antoniou et al, 1981; Bedford et al, 1991; Bedford and Classen, 1992) or wheat (Choct and Annison, 1990; 1992) have also lead to the hypothesis that they are the primary cause of the antinutritive effects of nonstarch polysaccharides (NSP) in poultry. The marked increase in the viscosity of the diet that was obtained with HMC indicates that the antinutritional effects of HMC may be caused by its viscous properties. Romruen (1988) reported a negative effect on laying hen performance when 4 and 6% HMC were added to the diet. Similar negative effects on laying hen performance with 6% LMC in the diet were reported by Drochner et al. (1990) . Drochner et al. (1990) concluded on basis of their results that both LM and HM pectin have comparable depressing effects on laying hen performance. This conclusion, however, may not be correct, as our data strongly indicates that LMC in the diet does not affect chick performance. On the other hand, it is conceivable that the inclusion of 6% LMC in our diet would have also caused a decrease in chick performance.
It has been previously reported by Bedford and Classen (1993) that an in vitro viscosity assay could be used to accurately predict the in vivo intestinal viscosity, and consequently predict the anti-nutritive activity of viscous compounds. This conclusion, however, is not supported by our study, as there was little relationship in our study between the viscosity of the diet and the anti-nutritive properties of the pectin products that were used. The differences observed between the two research groups may, in part, be attributed to the nature of the viscous compounds that were used. The pectins used in the current study may have been more readily hydrolyzed by the intestinal microorganisms than the pentosans present in rye in the study by Bedford and Classen (1993) . Therefore, in vitro viscosity assays of the diet may not be good predictors of the intestinal viscosity. Therefore, in future measurements, the intestinal viscosity may provide additional information with regard to the effects of pectins in broiler chicks.
Results of the present study showed that addition of HMS to the diet did depress performance, but to a lower extent than that of HMC. Carboxyl groups present in sugar beet pectin are both methylated and acetylated (May, 1990) , whereas those from citrus fruit are only methylated. Furthermore, the molecular weight of sugar beet pectin is lower than that of citrus pectin. Esterification with an acetyl group compared to a methyl group (BeMiller, 1986 ) and a lower molecular weight (Christensen, 1954) reduces the gel forming capacity of a pectin. The in vitro viscosity of the diets containing HMS was not higher than that of the control diet. This finding suggests that HMS has limited viscous capacity, which, consequently, reduces its ability to increase the viscosity of digesta in the small intestine.
Viscosity is considered to be a mechanism by which viscous NSP reduces digestibility through interference with the movement of digesta and pancreatic enzymes across the intestinal lumen. It is suggested that the increased flow of undigested nutrients to the lower gut, as a result of the increased digesta viscosity, stimulates bacterial activity. In the present study, no increase in the concentration of VFA in the cecal content was found when HMC or LMC was added to the diet; however, inclusion of 3% HMS in the diet increased cecal weight and VFA concentrations in the cecal content. Wagner and Thomas (1978) reported an increase in the activity of the microflora in the ileum in broiler chicks when pectin was added to the diet. Recently, Carre and Gomez (1994) showed an increase in VFA excretion in the feces of cecectomized adult roosters after addition of a pectinbased gelling agent to the diet. Therefore, pectins in the diet may affect the bacterial activity either in the small intestine or in the ceca depending on the origin of the product.
In the present study, all three pectin products increased WHC of the diets and the excreta. The capacity of a pectin to bind water can, at least in part, explain the increase in water:feed ratio of broiler chicks in the present study. The results of the present study are in agreement with the findings of Armstrong et al. (1993) . These investigators reported in an experiment with rats that the addition of 10% HMC to the diet increased the WHC in both the diet and the excreta. Chemical and physical factors in the intestinal tract and the microbial activity in the intestine affects the WHC of the excreta (Armstrong et al, 1990) . However, the possible effects these factors have on the WHC of the excreta remain unknown.
Based on the results of the present study, it can be concluded that the effect of dietary pectin on performance of broiler chicks strongly depends on its dietary level, the degree that it is esterified, and the origin of the pectin product. The data from the present study are insufficient to explain the differences found on performance between the pectin products. Before dietary pectinases can be used commercially, further work will be required to establish the mechanism which characterizes the differences among pectins.
